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(54) POiyoR^^^[^^^^irAmWG GRAFT COPOLYMER COMPOSITION 

iSL PreS6nt inventi °n Provides a polyorganosi- 
oxane-containing gra ft copolymer composition, wh,ch 

conn," COmpriS, ' n9 P°'y°rganosiloxane-containing graft 
copdymer (A) prepared by po ,ym er Sng 5 to 60 parts 



by weight of vinyl monomer (a-2) in the presence of 40 
to 95 parts by weight of polyorganosiloxane particles (a- 
1) (the sum of (a-1) and (a-2) is 100 parts by weight); 
and an antioxidant (B). 
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Description 



5 [0001] The present invention relates to a polyorganosiloxane-containing graft copolymer composition, a flame re- 
tardant composed of the polyorganosiloxane-containing graft copolymer composition, and a flame-retardant resin com- 
position containing the polyorganosiloxane-containing graft copolymer composition. 

Background Art 

[0002] Polycarbonate resins have excellent impact resistance, high heat resistance, outstanding electric character- 
istics, and the like, and have thus been used in electrical and electronic components, office automation (OA) equipment, 
household items, and building materials. The polycarbonate resins have high flame retardancy compared with poly- 
styrene resins. Higher flame retardancy has been required for some fields, mainly electrical and electronic components; 

5 and OA equipment. Accordingly, the flame retardancy of the polycarbonate resins has been improved by adding various 
flame retardants. For example, organohalogen compounds and organophosphorus compounds have been widely used 
as additives. However, most of the organohalogen compounds and organophosphorus compounds are toxic. A further 
disadvantage is the generation of corrosive gases when burning the organohalogen compounds. For these reasons, 
there have recently been growing demands for flame retardancy achieved by adding halogen- and/or phosphorus-free 

» flame retardants. 

[0003] The use of polyorganosiloxane compounds (also called "silicone") as halogen- and phosphorus-free flame 
retardants is proposed. For example Japanese Unexamined Patent Application Publication No. 54-36365 discloses 
a silicone resin composed of polymonoorganosiloxane that is mixed with non-silicone polymer to produce a flame 
retardant resin. 

[0004] Japanese Examined Patent Application Publication No. 3-48947 discloses a mixture of a silicone resin and 
an alkaline-earth metal salt that provides flame-retardancy to a thermoplastic resin. 

[0005] Japanese Unexamined Patent Application Publication No. 8-113712 discloses a method for preparing a flame- 
retardant resin composition by dispersing a silicone resin into a thermoplastic resin, the silicone resin being produced 
by mixing 100 parts by weight of polyorganosiloxane with 10 to 150 parts by weight of a silica filler. 
[0006] Japanese Unexamined Patent Application Publication No. 10-139964 discloses that a silicone resin, which 
is soluble in a solvent and has a weight average molecular weight of 10,000 to 270,000, is added to a non-sil.cone 
resin having aromatic rings to produce a flame-retardant resin composition. 

[0007] However, the silicone resins disclosed in these Patent Publications have an unsatisfactory effect of imparting 
flame retardancy to the resin compositions Further addition of the silicone resin to compensate for this effect impairs 
the impact resistance of the resulting resin composition. Hence, it is difficult to produce a flame-retardant resin com- 
position with a balance between the flame retardancy and the impact resistance. 

[0008] Japanese Unexamined Patent Application Publication No. 2000-17029 discloses that a composite-rubber 
flame retardant that is prepared by graft-polymerizing a vinyl monomer to a composite rubber composed of polyorga- 
nosiloxane rubber and poly(alkyl(meth)acrylate) rubber is compounded to a thermoplastic resin to prepare a flame- 
retardant resin composition 

[0009] Japanese Unexamined Patent Application Publication No. 2000-226420 discloses that a polyorganosiloxane 
flame retardant that is prepared by graft-polymerizng a vinyl monomer to composite particles composed of a vinyl 
polymer and polyorganosiloxane having aromatic groups is compounded to a thermoplastic resin to prepare a flame- 
retardant resin composition. 

[0010] Japanese Unexamined Patent Application Publication No. 2000-264935 discloses that a polyorganosiloxane- 
containing graft copolymer that is prepared by graft-polymerizing a vinyl monomer to polyorganosiloxane particles 
having a diameter of 0.2 urn or less is compounded to a thermoplastic resin to prepare a flame-retardant resin com- 
position. 

[001 1] All the flame-retardant resin compositions disclosed in Japanese Unexamined Patent Application Publication 
Nos. 2000-17029, 2000-226420 and 2000-264935 have sufficient impact resistance but unsatisfactory flame retar- 
dancy. Hence, these compositions have an imbalance between the flame retardancy and the impact resistance. 

Disclosure of Invention 

[0012] It is an object of the present invention to provide a polyorganosiloxane-containing graft copolymer composition 
which can be used as a halogen- and phosphorus-free flame retardant and which has improved flame retardancy and 
impact resistance, and to provide a flame-retardant resin composition composed of the graft copolymer composition 
and having excellent flame retardancy and high impact resistance. 
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[0013] The inventor* h w„rtPd extensive studies in order to solve the above-described problems, and found 
reBlsta^^^^^TXtmop^ resin to prepare a flame-retardant resin composition having 

exce„enr fl a m e^ a fdar Z SC* — ^ TheS ° fi " di " 9S ^ ,ed * C ° mpleti ° n « *" ^ 
5 vention. 

[0014J That is acnnrriin^ *o = fir«» asoect of the present invention, a polyorganosiloxane-containing graft copolymer 

composition ^SS^^ fln,ft W » *5 

by weight of a ZTmtnomT^TL presence of 40 to 95 parts by weight of polyorganosiloxane part.cles (a-1) 
(the sum of (a-1) and fa-2) i<s 100 Darts by weight); and an antioxidant (B). 
'° [0015] Accord ng to second asoertof the present invention, in the polyorganosiloxane-contain.ng graft copolymer 
composition accoro^^ 

S5T P ^Z™:Z«^° * inVenUOn ' in ^ PO^anosiloxane-containing » 
. composition according to ^^second aspect of the present invention, a polymer prepared by po.ymenz.ng the 
' vinyl monomer (a-2) alone h-Tso ubility parameter of 9.15 to 10.15 (cal/crr^)^. 

[0017] Accor dY n Crt^asoecl onhe present invention, in the polyorganosiloxane-containing graft copolymer 
composition according to ^ny one of the Vst through third aspects of the present invention, the po.yorganos.loxane 

[0018j eS Accordi^ato^ ST ° f "Tnf the present invention, in the polyorganosiloxane-containing graft copolymer 
composition^ccordino t„ ^ the^st through fourth aspects of the present invention, the vinyl monomer (a-2) 
is aueast ^^^^JTJ^ of an aromatic vinyl monomer, an vinyl cyanide monomer, a (meth) 
acrylate monomer and a carhop nrouo-containing vinyl monomer. 

[0019] According to a y Tfthe present invention, in the polyorganosiloxane-containing graft copolymer 

composition ^ ^ZVn^fte^^ fifth aspects of the present invention, the antioxidant (B) is a 
phosphorus-based antinv J= . ~ivt..re of at least two antioxidant components. 

[0020] According to S * fnfThe present invention, in the polyorganosiloxane-containing graft copolymer 

compisitio^SSng ^ onTof^e Slough fifth aspects of the present invention, the antioxidant (B) is a 

["oil? "J^^ .^^^^ ' in the Polyorganosiloxane-containing graft copolymer 

composition according" ff£SK£S* of the present invention, the antioxidant (B) contains at least one com- 
pound having a structure repreLntid f0 "° Win9 Ch6m ™ 







; [0022] According to a ninth ao „ . , ,hp oresent invention, in the polyorganosiloxane-containing graft copolymer 
composition mJI^^^"*^ of the present invention, the antioxidant (B) further conta.ns a phenol.c 
antioxidant. 

[0023] According to a tenth « . , oresent invention, in the polyorganosiloxane-containing graft copolymer 
composition according to the eS °oect of The present invention, the antioxidant (B) further contains a sulfur-con- 
taining antioxidant. 3 . 

[0024] Accordino to an eio. «. * the present invention, in the polyorganosiloxane-contain.ng graft copoly- 

mer composition aC c 0 ^? 3SPeC of £a present invention, the antioxidant (B) is such an antioxidant that, 
when 0.5 parts by S h Tor?h 6 aSP ^ ^ kneaded with 100 parts by weight of a polymer, which is prepared by 
Polymerizing only the vfnJi Z antioxida " t 'f fl ? d ing a multifunctional monomer) of the polyorganosiloxane-containing 
graft copolymer (M JEETT^ ^ orepare a resin composition, this resin composition exhibtts a decom- 
position tempera u e at least Jr. T'""^ 3 The decomposition temperature of the polymer alone, the decomposition 
temperatures being detail ^ JTte of 1 0°C/min by differential thermal analysis. 
[0025] According to aTelfth 3 present invention, a flame retardant is composed of the polyorganos,- 
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"oxane-containing graft copolymer composition according to anyone of the first through eleventh aspects of the present 
invention. 

[0026] Accordino tn * thvwh asoect of the present invention, a flame-retardant resin composition is prepared by 
mixin^OOp^s^ 
5 twelfth aspect of the present invention. 

[0027] The presenSon will be described in detail below. 

Detailed Disclosure of the Invention 
10 [0028] A polyoroanosiln^np-rontaining graft copolymer composition of the present invention comprises a polyor- 
98nosL»2? . Si Produced by polymerizing 5 to 60 parts by weight of a vinyl monomer (a- 
^^S^^pXl^ PO-yorganosLane particles (a-1) (the sum of (a-1) and (a-2) is 100 

[00?9] by Th^^vom/" T^rSles (a-D preferably have a volume average particle size of at least 0.008 urn. 
» more USfSSj^ and Z i P^ly * 01 and u ° to 06 •»»■ m ° re preferab ' y ° P to ?® 
m, and most prefeS uo 1^25 1 The volume average particle size is determined by a light scattering method 
or electron JZ^g^'Tm* to be difficult to produce polyorganosi.oxane partic.es having a volume 
average particle size of less than 0 008 urn. When the polyorganosi.oxane particles have a volume average particle 
- SS aSJSl "nTtol present invention inCude not on.y particles com- 

posed of ^SSS^rS^ P^ ^ sed ° f modified Po'vorganosiloxane containing up to 5 
Percent b J ^ of erTco SvlZ)^ * * e Po'yorganosi.oxane particles may contain, for example, up to 5 
Percent by weight of poSSSSSe) and/or butyl acrylate-styrene copolymer in the polyorganosiloxane particles 
[0031] Examples o E ' , ' Jiioxane particles (a-1) include polydimethylsiloxane particles, polymethylphenyl- 

[0032] 8 "ihe Syo^ano^n« ina ll»rticles (a-D can be prepared by polymerizing, for example, (1) an organosiloxane; 

and a silane oamp«S£S?^iSertS vinyl group; (5) a Afunctional silane compound and a ..tan. compound 
30 having a polymerfeabte ZT P ^6 7n organosiloxane. a bifunctional silane compound, and a s.lane compound 

having a po£ r£ e 2 Z°Z' i t --pound having a functionality of three or more may be further added. 

[0033] The polyomal 'no 9 P ' t Wa-D are preferably prepared by emulsion polymerization of the components 

such as the £ZS£^££S£> sHane'compound, the silane compound having the po.ymerizable viny. 
group, and the optional ,,|JL n d having a functionality of three or more. 

35 [0034] The emuS In COmpOU ': < n be performed by emulsifying and dispersing the components used to prepare 
PolyoianosiSe r£SemuX by mechanical shearing and acidified. When the emulsified droplets 
having a diameter oftevTralT m lrs or more are produced during mechanical shearing, the volume average 
particle size of the ZT^^toZno parties (a-1) can be controlled within the range of 0.02 to 0.6 ^ depending 

0 [o"o35] ^pXtgaloZlfZT^na oraft copolymer (A) is prepared by graft polymerization of a vinyl monomer 
(a-2) in theVresence of £ * an<H5 ° nta,n '"^ ' anosiloxane particles (a-1). In the polymerization of the vinyl monomer 
(a-2) in the pSse nce of tt .T" 9 P °S particles (a-1), part of the branch component of the graft copolymer 
(wherein branch co mponenl ^^"ZTers ^generated from the vinyl monomer (a-2)) is not grafted to the trunk com- 
ponent (polyorganoS ane oaS^T)) of *he graft copolymer and is present as a free polymer. Hence a rmxture 
of the graft copolymer and th fr f~ mer is produced during the graft copolymerization. In the present invention, 
the "graft copolymer- in^.w 1 _ free P 0, y m _ ODO lymer and the free polymer. 

[0036] The'XlnSS * *° 9 no l^n <*>P°»™ < A > is P reDared b * ******* at ,east 5 ' P referably at 
'east 15, and more lrZ^ ^ C ° nta ' n n f„3 Cp to 60, preferably up to 40, and more preferably up to 35 parts by 
weight of a vinZonf 1^/ of • 2 ° t nee of at least 40. preferably at least 60, and more preferably at least 65 
and up to 95. preferable If?" the pr Preferably up to 80 parts by weight of polyorganosiloxane particles (a-1), 
providing that the sum «r# ?» ' m ° r ® no parts by weight. When the amount of polyorganosiloxane particles (a- 
D is out of the range, ft terrts ^detenbrSe Aa^e retardancy. When the amount of vinyl monomer (a-2) is out of the 
[oS/j 11 The° ^ZTonZtl a T preparing the polyorganosiloxane-containing graft copolymer (A) and is 

also used for ensuZ , °hT 1 ] ' S USed f f^n the graft copolymer and a thermoplastic resin in order to uniformly 
Asperse the graZ P X e rrl b,% be ,^c resin when the graft copolymer is compounded with the thermoplastic 
resin to improve flam themoP 'f resistance. A polymer prepared by polymerizing the vinyl monomer (a- 

2) alone preferablj Zs T^Sy^^^ ** least 915 ' m ° re preferab ' y * le3St ^ " nd ^ Preferab ' y " 
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'east9.20and up tol0 15 more preferably up to 10.10. and roost preferably up to 1 0.05 (caUcm3)-. When the solubility 

methy LSTS V? ^ TZXyWy ene; vinylcyanide monomers such as acrylonitrile and methacry on.- 
5 tnle; ln%£2£ ; me ^' st V rene ' and X as «■■* achate, ethyl acrylate, propyl acrylate, butyl acrylate, 2-e hyl- 

b^meSlat? ?^ M ^ and "ydroxyethyl methacrylate; and carboxy^roup- 

conLn/ng 2 '!' ^ me ^ ! tSS. (meth)acrylic acid, fumaric acid, and maleic acid. The vinyl monomer 
(a-2) J2l7»? SUCh having at least two polymerizable unsaturated bonds per molecule ,f 

10 necessa^E amD l^ 

** P"*S^^ 1.3-butylene giyco. dimethacrylate. and divinylbenzene. The v,ny. 

™^-P«ZTte*oZ T^S latex of the polyorganosiloxane particles (a-1). The vinyl monomer <a- 
15 2) may be polvSln TT n or through at least two steps. When the polymerization is performed through 
at least two tftps TJ " 3 S,n9 ' e ^ZseJps are not" limited and may be the same or different. 
10040] InTw lh COmpositionS 3t Aplastic resin, the vinyl monomer (a-2) is selected such that the solubHity 

Paramete/of the JZ? ? the vin *' monomer (a ' 2) iS the above - described ran9e - , ( 

10041] The adic, ? * 1 Si and can employ a method for proceeding a reaction by thermal de- 

20 and a method for usin9 a reaction with a reducing asent in a redox 

f0042] ' a graft m™. u mulsion polymerization may be used in the form of latex or may be isolated 

from L iatex an ? th "Rotating the polymer includes, for example, the following normal process: 

The latex is c^LilZT* A ^ Z salt for example, calcium chloride, magnesium chloride, or magnesium 
25 sulfate, and ^tlm^i^^!^^^- dehydrated, and dried. Furthermore, a spray drying process can 

[0043] 6 Tmoldino * m - > compounding the polyorganosiloxane-containing graft copolymer (A) to a 

tnermoplasticresr, th X Pr ° dUCed The present invention can suppress thermal degradation of the polymer 
constituting the grafted compotnt^ the f pSyorganosiloxane-containing graft copolymer and can thus suppress a 
f?(Sr?he anS °" 3 fina \^ln^ P n < is U not limited and preferably includes a phosphorus-based anti- 

oxidant and/or "miJ, ( ? ° f thS preSe ", S^nts in view of flame retardancy. The phosphorus-based antioxidants 
may be used air,™? at ,east ^ a " » least two antioxidants are used, a phosphorus-based antioxidant may 
oe used as at 

combination. When ^ ^ of peed nQt _ 

55 f0045] | n the preWir^n^nT ^amp'e 3 P* eno[ic antioxidant - a phosphorus-based antioxidant, and a sulfur- 
lOOAerixZiT^ te^s** 6 a ^3nifinclude 2,6-di-fert-butyl-p-cresol. 4,4'-but y lidenebis(6-tert-butyl- 
3-methylphenol) I J Phen °"' c ant '° X ^"e-fert-butylphenol), 2.2"-methylenebis(4-ethyl-6-tert-but y lphenol). 
2,6-di-te rf . butvl 4 0 . h t ■ metn y'enebis(4-nTetny ,. 4 . h droxy . 5 . fert . buty |p he nyl)butane, n-octadecyl-3-(3.5-di-ferf- 
<° butyl-4. hydro ™S heno '' 1 - 1 ' 3 - tn ' s(2 ;r e thylene-3 -(3.5-di- f erf-butyl-4-hydroxyphenyl)pro P ionate]methane, tri- 
ethylene glycoibS n /^r 316 ' tetrak ' Sf ? methylphenyl)pro P ionate], tris(3.5-di-terf-butyl-4-hydroxybenzyl) isocy- 
anurate, and burv«Ln ! . tyM " h >' droXy l wroxy-5-tert-butylphenyl). 

f0047] ExamDE nHh !" biS(2 " methy '" 4 „tioxidants include cyclic neopentanetetraylbis(2,6-di-ferf-butyl-4-meth- 
y'PhenyDphosphite ri , ' pnos P ho ™s-based a " _ h osphite, bis(2.6-di-tert-butyl-4-methylphenyl)pentaerythritol phos- 
: Phite. and 2 ^meth^il? . f ' ; d '" tert ' but y'P hen ),i nvQootylphosphite. 

f°048] Examples ; of the s^^T^g ^^ ^ thiodipropionate ' lh]odi ^ opion ^ 

rOM9] S ^Anex2i 0n f te ' 8nd diWda cy' th, '° d ' ^oth^roperties of the phenolic antioxidant and the sulfur-containing 
antioxidant included.? amioxida nt having , ^butyi^ethylphenol). 

fOOSO] The usp If'J [ eXamp,e> 4A ' thiobis( i^ant alone or in combination can achieve excellent flame retardancy. 
When an antioxidanf £ ° Sphorus - b ased antioXi a rf antjoxidant js usedi tne use of the antioxidant alone leads to 
an undesirable tendon-? T " the phos P h ° n ^Z r ,cy. while the use of the antioxidant in combination can achieve ex- 
cellent flame retard an ' mPair flame ^ etard 

In particular 2i= „ a structure represented by the following chemical formula (1 ) in mol- 

ecule is used as on* omk 3 com P° und ha vinfl ^ ce „ en t flame retardancy can be achieved. Furthermore, when this 
antioxidant is used tog T anti ° Xidants ' f^ rtt ' &r ^oxidant and/or the sulfur-containing antioxidant, further outstanding 
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.1 

10 

[0052] Examples of compounds having such structure in molecule include, for example. tris(3.5-di-tert-butyl-4-hy- 

SoS^lISS^uBe the antioxidant that, when 0.5 part by weight of the antioxidant (B) (when the antioxidant 
« is a mixture of at least two antioxidant components, the sum of the antioxidant components is 0.5 part by weight At 
least 10 percent, preferably at least 20 percent by weight of antioxidant component relat.ve to the total amount of the 
antioxidant is counted as one component) is kneaded with 100 parts by weight of a polymer, which is prepared by 
polymerizing only the vinyl monomer (a-2) (excluding a multifunctional monomer) of the polyorganosiloxane-conta.n.ng 
graft copolymer (A) at 230°C for 3 minutes to prepare a resin composition, this resin composition exh.brts a decom- 
0 position temperature at least 5°C preferably at least 7°C. more preferably at least 9°C higher than the decompos.t.on 
temperature of the polymer alone the decomposition temperatures being determined at a heating rate of 10 C/m.r . by 
differential thermal analysis The use of an antioxidant in the case of a decomposition temperature of at least 5 C 
higher than that of the oolvmer alone can achieve further excellent flame retardancy. When the vinyl monomer (a-2) 
forthe preparation of the polyorganosiloxane-containing graft copolymer (A) is polymerized through at least two steps. 
' the antioxidant is compounded to a mixture of polymers that are prepared by polymerizing only the v.nyl monomer (a- 
2) in each step, the mixture being in the same ratio of the polymers with the polyorganosiloxane-containing graft co- 
polymer (A). . ... 
[0054] The antioxidant (B) is used in an amount of 0.3 to 30 parts by weight in total to 100 parts by we.ght of the 
polyorganosiloxane-containing graft copolymer (A). The lower limit is preferably one, more preferably two parts by 
weight. The upper limit is preferably 20. more preferably 15 parts by weight. When the amount of antioxidant exceeds 
the upper limif a drip occur! at combustion of a molded product to impair the flame retardancy. When the amount of 
antioxidant is less than the lower limit, the flame retardancy is unsat.sfactory. , - .. . „ . , „ 
[0055] The antioxidant and the polyorganosiloxane-containing graft copolymer can be mixed by the following various 
methods: A method for mixino a powdered or liquid antioxidant into a powdered polyorganosiloxane-containing graft 
copolymer; in a step of manufacturing a powdered polyorganosiloxane-containing graft copolymer, a method for m.x.ng 
a powdered, liquid or emulsified antioxidant into a polyorganosiloxane-containing graft copolymer in the form of a 
slurry; a method for mixino a nowdered, liquid, or emulsified antioxidant into a polyorganosiloxane-containing graft 
copolymer in the form of latex and a method for mixing a powdered, liquid, or emulsified antioxidant into polyorga- 
nosiloxane particles (a-1) in the form of latex or into a reaction system during polymerizaion to prepare the polyorga- 
nosiloxane-containing graft coDolvmer in the form of latex. 

[0056] The resulting polyoroanosiloxane-containing graft copolymer composition is compounded to vanous thermo- 
plastic resins to prepare flame-retardant resin compositions having excellent flame retardancy and high impact resist- 
ance. 

[0057] Various thermoplastic resins can be used. A polycarbonate resin having a polycarbonate content of at least 
50%, preferably at least 70% is oreferably used in view of excellent flame retardancy. Examples of the polycarbonate 
resins include, for example polycarbonate (in particular, aromatic polycarbonate); polycarbonate/polyester blends such 
as a polycarbonate/polyfethylene terephthalate) blend, and a polycarbonate/poly(butylene terephthalate) blend; a po y- 
carbonate/(acrylonitrile-styrene copolymer) blend; a polycarbonate/(butadiene-styrene copolymerMhigh impact poly- 
styrene (HIPS) resin) blend- a DO |Jcarbonate/(acrylonitrile-butadiene rubber-styrene copolymer) (ABS resin) blend, a 
polycarbonate/(acrylonitrile-'butadLne rubber-a-methylstyrene copolymer) blend; a polycarbonate/(styrene-butadiene 
rubber-acrylonitrile-A/-phenylmaleimide copolymer) blend; and a P olycarbonate/(acrylonitrile-acrylic rubber-styrene co- 
polymer) (AAS resin) blend which are preferable in view of economy and a satisfactory balance between flame retar- 
dancy and impact resistance. The blends may be used in combination. 

[0058] The amount added of the flame retardant composed of the polyorganos.loxane-containmg graft copolymer 
composition is 0.1 to 30 carts bv weiaht to 1 00 parts by weight of the thermoplastic resin in view of economy and a 
satisfactory balance between flame pendancy and impact resistance. The lower limit is preferably 0.5, more preferably 
1 parts by weight. The upper limit is preferably 1 5, more preferably 10, most preferably 5 parts by we.ght. 
[0059] A powdered flame retardant composed of the polyorganosiloxane-containing graft copolymer compos.t.on 
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and a thermoplastic resin can be mixed using, for example, a Henschel mixer or a ribbon blender and then kneaded 

S^rC^ « a * ent - 3 polymer process ! ng aid ; 

5 So^a^S 

compounded can h» J . ^ mr nreventing the thermal degradation of a thermoplastic resin. 

10062] Examote ZtT rl JZa , aoents include, for example, fluorinated polyolefin resins such as polymonofluor- 

,0 copolymer and nnhZ rJ , i ,L which are preferable because of their high anti-dnpping effect. 

10063? r^SS^SiSSA " iS 3 m6thaCry,ate ^P°'^ SUCh 35 methy ' -thacrylate-buty. 
acrylate copolymer 

10064] Examotes nf th« • - ,^Hifi P rs include, for example, a butadiene rubber-type impact modifier (methyl meth- 
acrylaie-b^ acrylate rubber-type impact modifier, a buty. acrylate/sHicone com- 

,5 Posite=rubber-contS ( fiS an 

^IteJL^ZSZ^S^ ^ b«ty' acrylate/silicone co-coagu.ated rubber-containing impact mod,- 
fi er, and octvl arn/law -.- „,,iated rubber-containing impact modifier. 

[0065] r Z«Z 2 T ^TrdaS may also be used together. Examples of the flame retardants include sili- 
cone L P oZl2Z 'T me TorouX^ polyorganosiloxane; triazine compounds such as cyanuric acid 
20 and melamine cya nura t« h bounds such as boron oxide and zinc borate, which are preferable as they are 

halogen- and phSSS f * m« Sdants. Furthermore, phosphorus compounds such as tripheny. phosphate, 
condensed phosphat ^^7^ ^ phosphorus may also be used together. In this case, the use of a po.yorga- 
^^^S^^tZ^ the preSent inVenti ° n advant ^eous.y reduce the phospho- 
25 m^rllZl^T C ° ntent ln « TSdant aids include metal salts of organic sulfonic acids and metal salts 
of sulfuric esters for i " ,t, ootassium salts, or calcium salts of methanesulfonic acid, ethanesulfonic 

acid, propanesulfol Sd k I ^'"1!!= add. methylbutanesulfonic acid, hexanesulfonic acid, heptanesulfonic acid, 
octanesulfonic ad l «S Ln^c acid, perfluoroethanesulfonic acid, perfluoropropanesulfonic acid, per- 

30 acid, perfluorooSnesulSr *?7225^ sulfonic add ' and alk y |sulfuric acid ester Typical e * am P ,es ° f th f 
fiame-retardan°aSprefSbV C '^ ethanesulfonate. potassium perfluorobutanesulfonate, sodium dodecyl- 

SST^t^J^^ to 20, more preferably 0.2 to 10. most preferably 0.3 

to 5 parts by « to ?nn * add '' t,VeS w o a ^thermoplastic resin in view of a balance between efficiency and cost. 
35 f0068] Methods fo ° ,. PartS by We '. 9 - I flar ne-retardant resin composition include molding processes of general 
thermoplastic resin rnT ? reSU Jte injection molding, extrusion, blow molding, and calendaring. 
10069] ApplicaSns o^' 508 ;! 0 " 8, **? Obtained by molding flame-retardant resin compositions of the present in- 
vention are not limited * T P roducts ° , e various construction materials, various automotive components, and 
, components of housino anrll ' automation equipment such as desktop computers, notebook computers. 

'° tower computers orin^ J SS ' S f ° r . Nation equipment such as facsimiles, cellular phones, and personal hand- 
phone systems '^S^^S^S^^^ ^ * % te,eVisi ° nS a " d videocassette recorders - which r ^ uire 
100701 ^"^"ing molded products have excellent flame retardancy. 
Best Mode for Carrying out the invention 

l°°71] The present in„ D „»- ^-scribed in detail based on examples, however, the present invention is 

not limited to these ~ , " Wi " now b& ?«f« specified, the term "parts" means "parts by weight". 
10072, ^ZZT^^T^m^ ^ d C ° mparative ExamP ' eS ^ Perf0rmed 33 f0 " 0WS: 

POLYMERIZATION CONVERSION] 

10073] a latex was dried 1 1, h^ur with a hot-air dryer to determine the solid content. Polymerization 

conversion was oiven hu * . . for a " - «- IOOX (solid content)/(amount of fed monomer) (%). 
a oy tne following equa* 10 

{VOLUME AVERAGE PARTICLE SIZE] 

[0074] The volume average part e! of p oly° r 9 anosiloxane P articles and a 9 raft copolymer were measured in 
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the form of latex. The volume average particle sizes (nmjwere measured by a light scattering method with a Microtrac 
UPA (manufactured by Leeds & Northrup instruments). 
[IMPACT RESISTANCE] 

£0075] Impactresistancewasevaluatedw^ 
0256. 



[FLAME RETARDANCY] 

Flame retardancy w 



[0076] 

test). 



d acc0 rding to a Vertical Burning test of Underwriters Laboratory 94 (UL94V 



[DIFFERENTIAL THERMAL ANALYSIS (DTA)] 

[0077] A Dolvmpr n™ . . . mc .rizino a vinyl monomer (excluding a multifunctional monomer) used for the 

0-5 parts Z le^T ^°TV^n Z antioxidant was a mixture of at least two antioxidant components, the 
sum o inOoxS en """"'itoarts by weight.) was kneaded at 230»C for 3 minutes with a plastmil. Then. 
10 mg SS^SZTT t suWected to differentia, thermal analysis with a TG8110 (manufactured by 

range from room temperature to 500°C. 

(REFERENCE EXAMPLE 1) Preparation of polyorganosiloxane particles (S-1). 

10078] An aqueous solution containing the following components was agitated at 10.000 rpm for 5 minutes with a 



° prepare an emulsion. 



(Component 


content (part) 




251 
1.0 
95 
5 



[0079] The resuiti™ , . ■ a five-necked flask equipped with a stirrer, a reflux condenser, an inlet 

fnr infL.L!: 68 "' 1 " 19 ernu 'si°n was fed .nto a five monomers . and a thermometer in a single operation. 



for introduc.no nT™" C '" U,S,0n W3S ^.T^Hucing additional monomers, and a thermometer in a single operation. 
While the S"e 2 Th 933, a " in ' et ^ ' Irt Slid content) of 10% dodecylbenzenesulfonic acid (DBSA) aqueous 
solution was ad^edTh. f 8t " TBd ' °"t Suiting mixture was increased to 80°C over a period of about 40 minutes, 
and then £ reaction °? fl n C S I hours. The resulting mixture was cooled to 25°C and left for 20 

hours. Then thepH o adjusted to 6.5 with sodium hydroxide to complete the polymenzabon. 



a late* mn» ■ ■ "" „ ci toxane particles (S-1) was prepared. Polymerization conversion and an 

a latex conta.n.ng Polyorganos.loxa^^ ^ ^ ^ 



Consequently, a 

average l^toi^Z^^^**' 
(REFERENCE EXAMPLE 2) Preparation of polyorganosiloxane particles (S-2). 

[0080] To a fjve-nerk»H « t stirrer, a reflux condenser, an inlet for introducing nitrogen gas, an inlet 

for introducing addi^ -ere fed 189 parts of pure water and 0.4 parts of sod,um 

l008^ b t!^th^S e (SDBS) - * ^ to 70°C under a nitrogen purge. An aqueous solution containing one 

Part of pure wa Tr Z 0 oTT* Z f oirsulfate (KPS) was added to the reaction mixture. Subsequently, a 
mixture contain^ 0 w ° f POt3SS '"J^i 3 parts of butyl methacrylate (BMA) was added to the reacfon m.xture 
in a sinole nnZlj ^ ° f Styrene ( st > arld '^ion mixture was stirred for an hour to complete the polymerization. 



in a single operafon and th *T™ [SV 'faction mixture w 

Consequently a latex "* reSU ' tin9 w ^methacrylate (St-BMA) copolymer was prepared, 

^me^t^ latex had a solid content of 1.0% and an average particie s,ze of 



0.04 nm. — wc,0,un was 99%. The resulting 
f0082] Another mixture containing the following components 



s agitated at 10,000 rpm for 5 minutes with a Hom- 
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omixer ,o prepare an emulsion containing components used to prepare polyorganosiloxane. 




content (part) 



one part (solid content) of 10% -od«^«^^^3S: STSS m a single operation. The 
f. W3S Stirred f ° r 6 h ° UrSl mnlete the polymerization. Consequently, a latex containing polyorganos,- 



Polyorgan osiloxane^articles 

r Pdy^ n ^~ ^~^^g Sne component (%) 
Average particlesizejjinO 



Reference example 1 I Reference example 2 



(REFERENCE EXAMPLES 3 AND 4) Prepa rat * on °* P 0 ly or 9 anos '' oxane " conta ' nin 9 ^ raft copolymer (SG-1 AND SG-2). 
rnoMi t r thn stirrer a reflux condenser, an inlet for introducing nitrogen gas, an inlet 

conSZ? '° nal monomere ' oRS-2)), 0.2 parts of sodium formaldehyde sulfoxylate (SFS), 0.01 parts 

o ? Sl P ^ an ^ IOXanepartiC,eS ( % D TA) 0 0025 parts of iron (II) sulfate, and 75 parts (solid content) of the 
h£ SSI? '^^netetraacetate (EDTA>. o P ^ mjxture ^ being ^ tem . 

pettuTof r 9 6 P^^^iloxane PjJ*^ , nitr0 ^n flow. After the temperature reached WC. a mixture 
perature of the m.xture was increased to 60 C unajra^ m g gdded ^ ^ ghwn jn Tab|e 

of a monomer (a-2-1) and a radical poW" 2 *™ ^at 6™C for an hour, and then a monomer (a-2-2) shown in 

mixture was stirred for an hour to prepare a ^^Z^eLerio adjust the solid content to 15%, and then two 
parts Ll r S TT y - ^ r6SUl,ing ,at6X Zt. ££m Idon was added thus resulting in a coagulated slurry. The 
-slt coaSed ° 10% Ca ' dUm Ch '° 8?C an?coo.ed to 50'C, followed by dehydration and drying, thus result.ng 
in a ZdPrS ^ WaS heated t0 °oTvmer (SG-1 or SG-2). Table 2 shows polymerization converses, 

a powdered polyorganosiloxane graft ^P^MA" and "CHP" represent an allyl methacrylate monomer, a methyl 
e abbreviations " A,MA ' ide (radical polymerization initiator), respectively. The term "polymer 
>" means a so^^^sp^^ * * ^ m ° n ° mer ^ 



methacrylate 



Polyorganosiloxane particles (part) 



Vinyl monomer (a-2-1) (part) 



Vinyl monomer (a-2-2)(part) 



MMA 
~~CHP~ 



Reference example 3 Reference example 4 
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Reference example 3 


Reference example 4 




9.25 


9.25 




99% 


99% 


Graftoopolvme[_____ 


SG-1 


SG-2 



, (REFERENCE EXAMPLES 5 AND 6) Preparation of copolymer (SG-1' and SG-2'). 

[0087] Polymers «», a mr differential thermal analysis (DTA) as in Reference Examples 3 and 4, except 

'hat 0 5 paS o 2 was used in each of Reference Examples 3 and 4 instead of the 

^J^o^Z^T^lt and the monomer (a-2-1) was not polymerized. The po.ymers were sub- 
iected to *ffer^ the presence or absence of antioxidants. Results are shown ,n tables 3 

(EXAMPLES 1 TO 4 AND COMPARATIVE EXAMPLES 1 TO 4) Imparting flame retardancy to polycarbonate resin. 
r0083] Accordino to th* •♦■„„<; shown in Table 3, each of the polyorganosiloxane-containing graft copolymer 

compositions ^ ^^^^^^ 3 4 31 ' e3St ™Z t 

Produce a flam e retard, , } P polyorganosiloxane-containing graft copolymer compos.fon of the present 
invention. The tem;Sl«r pOSe ? Dho s P horus-based antioxidant (ADK STAB PEP36 (cyclic neo P entanetetraylb,s 
17 f?.rfLt^ u. .. . . rtP36 means a pno=>H 



(2,6-di-t ert -butW-4 f meanS 3 ^manufactured by ASAHI DENKA CO.. LTD.); the term "AO-20" means a 

, PhenoiicanSS^ 

' 4-hydroxybenzy/ 11 3 9 ^ ^ured by ASAHI DENKA CO., LTD.); the term "AO-30" means a phenol.c ant.- 
oxidant (ADK^aIja^^'m 8 ^wl i e Th y lXhydroxy-5-tert-butylphenyl)butane) manufactured by ASAHI DENKA 
CO., LTD.)- the term -n,™ ' 1 '^^^?^ containing antioxidant (DLTP Yoshitomi (dilauryl thiodipropionate) manu- 
factured by S^CALsTtD.); and the term "PTFE" means polytetrafluoroethylene (POLYFLON 

1 (TARFLON FN 22r>nl ' 3 ° h i iHemitsu Petrochemical, Co., Ltd.) and an antidrippmg agent or compounded 
with PC-2 (TARFi nZ! a n nUfacfure y Id by Idemitsu Petrochemical, Co., Ltd.) and the antidripping agent 
10090] The resumnn °° A manUf3 Traded at 270°C with a twin-screw extruder (TEX44SS manufactured by 
The Japan Steel wZ? C °" lpounds were * a Ztts The resulting pellets were molded with an injection molding machine 
(FAS100B manual I i t0pr ° dU ^ri a cylinder temperature of 280°C to form 1/8-inch Izod specimens and 
1 "6-inch -P^^e^S „e etardaL- The produced spedmens were evaluated according to the eva.- 
uation criteria described above 9 
f°091J Results are shown in table 3. 



45 



50 
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00927 Tabte^ u . rih . Q raft copolymer compositions of the present invention significantly improves 

* ^ciz^zz^P^^ ° f *° correspondins po,ycarbonate resin - 

(EXAMPLES 5 TO 8 AND COMPARATIVE EXAMPLES 5 TO 7) Imparting flame retardancy to polycarbonate/poly 
(ethylene terephtha/ate) mixed resin. 

100931 Accorrtinn, chnwn in Table 4, each of the polyorganosiloxane-containing graft copolymer com- 

positions/s^^ 

^i^SS^7^ am, 1^^ flame retardants was with pc " 1 - 3 p°w eth y ,ene 

terephthalat^S 0 Tab ' e 4 " f^lpG 70 manufactured by Kanebo Gohsen. ltd.), and an antidripping agent. 
100951 EaS if? reS,n (BELLPCT /c was kneaded at 270'C with a twin-screw extruder (TEX44SS manufactured 
^ The J^^r? ,flC ^SS pellets. The resulting pellets were molded with an injection molding 
machine (FAs ioor ^ LTD \ //wUC LTD) at a cylinder temperature of 260X to form 1/8-inch Izod spec.mens 

evaluation criteria. 

10096] Results are shown in table 4. 
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[00971 TahiB^ ». u fthP araft copolymer compositions of the present invention significantly improves 

thalate) resin. 



Industrial Applicability 



[00981 ThP „«. . • -hoc a flame retardant that can be added to a thermoplastic resin composition wun 
an and impact resistance. Furthermore, a fiame-retardant resin compo- 

n ^ncon^^ 
can be prepared. 

Claims 

' 5 1 - A Polyorganos/loxane-containing graft copolymer composition comprising: 

a Dolvnm , ■ •„„ a raft copolymer (A) prepared by polymerizing 5 to 60 parts by weight of a 

of (a-1, and (^hjS! parts by weight); and an antioxidant (B). 

* ^ PoVorganosiloxane-containing 9 ra« ^J?" aCC ° rdin9 t0 ^ ° f ' * * ^ 

the Polyorganosiloxane particles (a-D are in the form of latex. 

5- The polyoma™.!.,, • „«ft copolymer composition according to any one of Claims 1 to 4, wherein 

'he vEiy KSTT'^o^i^ fr ° m the 9r ° UP COnSiStin9 ° f " ar ° matiC m0n ° mer " a " 
cyanide moZj ^^^^non-r. and a carboxy.-group-containing viny. monomer. 

6- The polyoraann.i.o „ raft copolymer composition according to any one of Claims 1 to 5, wherein 
the anaSlS^ 0f 3 m,XtUre ° f at le3St ^ antioxidant ^P 006 "*- 

7 - The pofvoraanoci *>ft copolymer composition according to any one of Claims 1 to 5, wherein 

8- The polyoroannc,-. ft copolymer composition according to Claim 7, wherein the antioxidant (B) 
contains aE! t ? Xane - COntein, ' ng * picture represented by the following chemical formula (1) in molecule: 

'east one compound having a &u 



J 



- a 

Thepolyorganosiloxane^ntain^^ft copolymer composition according to Claim 8. wherein the antioxidant (B) 
^hercontainsaphenoiicantSant- 

Thepcyorganositexane-containinggr^ft ^polymer composition according to Claim 8. wherein the antioxidant (B) 
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further contains a sulfur-containing antioxidant. 
11. The polyorganosiloxane^ontaining graft copolymer composition according to Claim 1, wherein the antioxidant (B) 
is such an EKSITHS parts by weight of the antioxidant is kneade with 100 parts by we.ght of a 
Polymer, ^STS^SSmihO only ««• vinyl monomer (a-2) (excluding a multifuncfonal monomer) 
of the oolvnrno ?, rep b y . P °L flraft copolymer (A), at 230°C for 3 minutes to prepare a res.n composition. 
^re^TJ° Xan ^6^^ temperature at least 5»C higher than the decomposition temper- 
^S^J^iS^ temperatures being determined at a heating rate of 10=C/min by 
differential thermal analysis. 

12. A flame retardant comprising the polyorganosiloxane-containing graft copolymer composition according to any 
one of Claims 1 to 11. 

A flame-retardant resin composition prepared by compounding 100 parts by weight of thermoplastic resin and 0.1 
to 30 parts by weight of the flame retardant according to Cla.m 12. 
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